SUMMARY In this necropsy review of 37 cases of acute pancreatitis, evidence is presented that there are at least two different initiating mechanisms in acute necrotising pancreatitis in man. Firstly, there is primary duct inflammation, with subsequent inflammation and necrosis of the pancreatic parenchyma surrounding the excretory ducts. Included in this group are cases secondary to alcohol abuse and cholelithiasis. Secondly, there is necrosis confined to the microcirculatory periphery of the pancreatic lobule. These cases are usually secondary to some form of shock (septic or cardiogenic) and are thought to represent ischaemic pancreatitis. These patterns of necrosis are discussed in relation to the pancreatic anatomy and clinical findings.
The pathogenesis ofacute pancreatitis in man remains an unsolved problem, and many different theories have been advanced.'2 From a clinical standpoint most cases are associated with either gall stones or alcohol abuse,3 a few being secondary to viral infection, hyperparathyroidism, carcinoma,3 or shock.4 The precise mechanism by which these cause acute inflammation in the pancreas is still a matter of considerable controversy.
In the relatively few detailed histological studies of unselected cases of acute pancreatitis,57 no attempt has been made to correlate the histological findings with the clinical associations of the disease. In the Received for publication 6 pattern of necrosis was that in sections where the entrance of a lobular artery into a lobule could be observed it was the periphery of the lobule opposite the entrance of the artery that was necrotic, and the part adjacent to the artery was normal (Fig. 5) . In nine cases, this pattern of perilobular necrosis was the sole one seen. Among these, with one exception, duct inflammation was not observed, and even when ducts were found surrounded by necrotic debris there was no evidence of polymorphs within the duct lumen. Venous thrombosis was found in seven of these nine cases (Table 2 ). In spite of the marked differences between these two patterns of necrosis, there were five cases where both were seen. This was not a result of sampling different parts of the pancreas since both patterns were seen in the same section. Among these, duct inflammation was found in four cases, and venous thrombosis in three. 3 
Panlobular necrosis
There was confluent coagulative necrosis of entire lobules, including the intervening connective tissue septa, ducts, and blood vessels. A striking contrast between this pattern and the former two was the absence of inflammatory cells in much of the necrotic tissue. Where sections showed a clear boundary between necrotic and viable tissue thrombosed vessels could often be found in the area of necrosis (Fig. 6) . Panlobular necrosis was observed in a total of 11 cases, and among these venous thrombosis was found in nine, and thrombosis of a large artery in two. In a further two cases, both perilobular necrosis and panlobular necrosis were seen. In one case there was periductal necrosis associated with duct inflammation in parts of the pancreas not involved by panlobular necrosis.
In three instances, although there was pancreatic necrosis, it appeared to be random in distribution, and no obvious anatomical pattern could be detected.
OTHER MICROSCOPIC FEATURES 1 Vascular lesions Rich and Duff5 described a vascular lesion found in both arteries and veins which they thought was specific for acute pancreatitis. The early changes were particularly striking in the media, with swelling and splitting of the muscle fibres and infiltration by polymorphs. In the advanced lesion there was complete necrosis of the media and sometimes actual rupture of vessels was found.
Such vascular lesions were observed in the veins in 17 of the 37 pancreases in the present study, and in six of these 17 arterial lesions were also found. Arterial lesions were not seen in the absence of venular inflammation.
;.. Venous thrombosis was seen in a total of 22. In 17 there was inflammation or necrosis of the vessel wall seen in relation to the thrombus, and in 11 thrombosis was seen in normal veins. In three there was thrombosis of a major artery. This was associated with an arteritis in two cases, and in the third the thrombosis was the result of surgical ligation of the splenic artery. Necrosis of arterial walls was seen in a total of six cases.
Presence ofbacteria
In all sections a careful search was made for the presence of bacteria. These were observed histologically in areas of necrosis in four cases. In three, Gram-negative rods were seen, and in one, Gram-positive cocci. In one additional patient Escherichia coli was cultured from the pancreas at the laparotomy which confirmed the diagnosis of acute pancreatitis.
Previous pancreatitis
There was evidence of previous inflammation in 10 specimens. This comprised focal areas of fibrosis with destruction of lobules and dilatation of remaining acini. The changes were consistent with healing of previous exocrine inflammation by scar tissue.
CLINICOPATHOLOGICAL CORRELATION
The clinical findings were assessed retrospectively after the histological material had been studied. In Table 3 Table 1 , two-thirds of the cases had not been diagnosed clinically, and these included many early examples of acute pancreatitis. There appear to be at least two sites of initial parenchymal necrosis in acute pancreatitis. In one, this is in the immediate vicinity of ducts, and in the second it occurs at the periphery of the lobule. What are the mechanisms involved in the production of these two patterns? There is a striking correlation between periductal necrosis and duct inflammation ( Table 2 ). The mere presence of necrosis in the vicinity of the duct is not in itself sufficient to cause duct inflammation since polymorphs are seldom seen in the duct lumen in sections showing panlobular necrosis. By contrast, primary duct inflammation can cause periductal necrosis. If pancreatitis is induced in a rabbit by a low-pressure intraduct infusion of 0 3 ml of E. coli admixed with duodenal juice the initial lesion is severe duct inflammation. Sequential studies show that later there is necrosis of the duct wall, followed by periductal parenchymal necrosis (personal observation). Thus it seems likely that in cases with only periductal necrosis duct inflammation is the initial lesion.
The production of perilobular necrosis seems to have quite a different mechanism. Duct inflammation is seldom seen, and whereas venular thrombosis is rarely observed in cases with only periductal necrosis, it is commonly associated with perilobular necrosis. The necrosis is confined to the vulnerable microcirculatory periphery of the lobule, and here there is evidence of capillary thrombosis. Thus the histological findings support a primary ischaemic mechanism in this form of pancreatitis.
Although these two patterns appear to have distinct aetiologies they can be found together. A possible explanation of this is that the periductal necrosis may cause enzymatic damage to The likely mechanism here is destruction and thrombosis of blood vessels exposed to necrotic pancreatic parenchyma, with subsequent infarction, and so probably either of the initial forms of pancreatitis can progress to panlobular necrosis. The ischaemic nature of this lesion is supported by the work of Goodhead,'1 who showed that in experimental pancreatitis the total pancreatic blood flow was raised initially, but later, with the onset of haemorrhagic pancreatitis, there was a profound drop in blood flow.
The distinction between the two early forms of pancreatitis would perhaps be of merely academic interest were it not for the fact that the clinical associations also showed striking differences (Table 3) . This was an unexpected finding since the clinical details were obtained subsequent to the microscopic study. However, taken together, they probably underline the fundamental biological difference between these two forms of initial pancreatitis.
Histologically, periductal necrosis appears to be a 'duct-borne' disease in that the duct inflammation is probably primary. Cases associated with alcohol abuse and gall stones are included within this group, and there is evidence for a duct-related mechanism in both these clinical forms of pancreatitis. In 80 to 90 % of patients with gall stone pancreatitis, migration of a gall stone from the common bile duct, through the ampulla, and into the duodenum apparently occurs during the attack of pancreatitis.'2-14 In patients with a common channel, this will cause temporary pancreatic duct obstruction. Prolonged ingestion of alcohol leads to increased secretion of protein in the pancreatic juice with the formation of proteinaceous plugs, which can then cause obstruction.'5 Thus in both alcohol-and gall stone-related pancreatitis there is evidence of duct obstruction, although the precise reason for the duct inflammation remains obscure.
In earlier clinical studies in Glasgow, gall stones or alcohol abuse were associated with acute pancreatitis in 83 of cases.3 In the present study, no such association xwas present in the nine cases with only perilobUlar necrosis. In two patients the diagnosis was cardiocenic shock secondary to acute myocardial infarction. A further five had septic shock, and in foul-of these the onset of shock was secondary to perforation of a xiscus or leakage from an intestinal anastomosis. In these cases the pancreatitis appears to be secondary to the shock state. In the fifth case of septic shock, the pancreatitis may have been initiated by ligature of the splenic artery group.bmj.com on April 14, 2017 -Published by http://jcp.bmj.com/ Downloaded from at a difficult splenectomy. The patient developed both pancreatitis and septic shock postoperatively. Necrosis confined to the periphery of the pancreatic lobule has been described by Feiner.16 She noticed that it was present in some patients who died after cardiac surgery and concluded that it was the result of diminished perfusion of the pancreas postoperatively. Thus both the histological distribution of the necrosis and the clinical state of the patients before death suggest that this represents a form of pancreatitis which is primarily ischaemic.
Conclusion
Histological and clinical evidence has been presented supporting the view that there are at least two different initiating mechanisms in acute pancreatitis. In one, there seems to be duct-borne disease in that duct inflammation appears to be the primary event.
In the second, there is evidence that the initial lesion in the pancreas is the result of parenchymal ischaemia. Probably either of these can progress to a final common pathway of vascular damage, decreased pancreatic blood flow, and widespread pancreatic infarction, which is the hallmark of the advanced disease. 
